Estuaries are important components of coastal ecosystem and function as dominant pathways of material exchange at the land-sea interface. The transport of terrestrial input through river inflow is controlled by physical process including tides, waves, and fresh water discharge. This study investigates hydrodynamic characteristic and salt flux within Xiaoqinghe River ( XQR) estuary, which is a shallow estuarine system ( water depth < 8 m) and exports substantial amount of nutrients and pollutants to the adjacent Laizhou Bay. Profile velocity and salinity are measured using ADCP and CTD through complete tidal cycles (25 hours) in April, July and September 2013. The instantaneous velocity and salinity data are decomposed into time-averaged means and time-varying components based on the improved Kjerfve (1986) method to quantify the contributions of various physical processes. The results showed that the XQR estuary had irregular semidiurnal tide with tidal form number of 0． 5-0． 7 and tidal range about 2 m. River discharge dominated the seasonal variation of tidal elevation, longitudinal velocity, and salinity. The river mouth was well mixed based on calculated layer Richardson number, and can be classified as Type 1b and 2b according to stratification-circulation diagram. The net salt flux was directed seaward during monsoon season and landward in non-monsoon seasons. Fluvial advective flow dominated the seaward salt flux throughout the year and contributed 78． 9% of the net salt flux in monsoon. Stokes' drift and tidal sloshing dispersion flux dominated the landward salt flux, and contributed 72% and 57． 5% of total salt flux in April and September, respectively. The cross-correlation between tide and salinity, and vertical shear, were only of marginal importance. Overall, tidal sloshing and Stokes' drift is the underlying process of salt transport while river discharge dominates its seasonal variation. This study revealed the inherent unsteadiness of the salt balance, and provided the scientific foundation for effective management of freshwater release from upstream during difference seasons.
INTRODUCTION
Estuaries at the land-sea interface are critical zones in the functioning of coastal ecosystem. Many estuaries are highly productive environments and important routes through which terrestrial material enter the ocean ( Simpson et al., 2001 ) . Estuaries are highly dynamic environments with their physical, chemical and biological structure characterized by high spatial and temporal variability ( Valle-Levinson, 2010) . Increasing population and economic activities around estuaries have caused severe stress to their environmental and ecological functions. Excessive nutrients and pollutants discharging into coastal waters damaged or destroyed natural habitats ( Halpern et al., 2008) and caused coastal ecosystem degradation such as hypoxia and eutrophication ( Wolanski, 2007) . To understand the interaction between land and ocean, increasing research efforts have been diverted to study fluxes of bio-geochemically active components through estuarine system ( Simpson et al., 2001 ) , which are dependent on the transport processes ( Kasai et al., 2010) .
Hydrodynamic properties and net salt fluxes are critical parameters for modeling biogeochemical and water quality processes in estuaries. To understand water and salt exchange, it is important to study hydrodynamic factors controlling the total longitudinal flux ( Officer and Kester, 1991 ) . Estuarine hydrodynamics is controlled by riverine factors ( river discharge) , marine factors ( tides, waves, and currents) , meteorological factors ( winds, atmospheric pressure, and temperature variability) , and geomorphologic factors ( topography and bathymetry ) ( Sierra et al., 2002) . Understanding salt exchange mechanism is the basis for predicting the transport of nutrients, pollutants, and planktonic organisms. Previous studies showed that net salt flux is a balance of advection flux and a number of dispersive fluxes, including tide effect, shear effect and turbulence effect. The tidal effects are component of tidal sloshing, Stokes drift and cross-correlation between tide and salinity ( Kjerfve, 1986; Miranda et al., 2012; Restrepo and Kjerfve, 2002) . In steady-state, there is a balance between seaward advection of fluvial discharge and landward dispersion of saltier ocean water ( Hunkins, 1981; Miranda and Kjerfve, 1998; Siegle et al., 2009; Simpson et al., 1997; Uncles and Lewis, 2001 ) . The landward salt transport is a consequence of dispersion produced by tidal and wind mixing and by horizontal density gradient ( Vaz, Lencart and Dias, 2012) . Tidal sloshing is the triple correlation between tidal depth changes, tidal currents and tidal salinity changes. It is the dominant dispersive flux in well mixing estuary ( Cavalcante et al., 2013; Kjerfve, 1986; Siegle et al., 2009) . Stokes drift dispersion can be at same order of magnitude as advective salt transport due to freshwater discharge in Severn and Camboriu estuaries ( Siegle et al., 2009; Uncles and Jordan, 1979) . It is the dominant dispersive salt flux during high discharge conditions in Hudson River estuary , an order of magnitude lower than river discharge in Vassova lagoon ( Sylaios et al., 2006) , insignificant in lower reaches of the Tamar estuary ( Uncles et al., 1985) . In most studies, the vertical shear effect contribution was considered negligible ( Ali et al., 2010; Uncles and Lewis, 2001) . But in some lower reaches at neap tides it can be an important flux ( Uncles et al., 1985) .
The mechanism of salt transport does not only vary between different estuaries, but also depend on spring and neap tidal cycles, and river discharge conditions. For example, observations along the Tamar Estuary demonstrated that tidal pumping and vertical shear dominated at spring and neap tides, respectively ( Uncles et al., 1985) . The vertical shear flux at neap tides exceeded that at spring tides in lower reaches of Tamar estuary ( Uncles and Lewis, 2001 ) . The direction of Stokes' drift flux may be different in spring and neap tides, with upstream in neap tide and downstream in spring tide ( Siegle et al., 2009 ) . The difference between lower and upper reaches is mainly due to tidal range variability and local morphology ( Cavalcante et al., 2013; Park and James, 1990 ) . Tidal pumping is insignificant during low discharge conditions compared to high discharge conditions in Hudson River estuary . In general, net salt flux varied both spatially and temporarily with changing hydro-morphological and meteorological conditions ( Ali et al., 2010) . Understanding the control mechanism of salt transport in different zone of estuarine system helps to explain how natural and anthropogenic changes to the ecosystem affect it capacity to flush pollutants ( Vaz et al., 2012) .
The objective of this study is to investigate the hydrodynamic properties and salt transport characteristics of Xiaoqinghe River (XQR) estuary based on profile measurement of salinity, velocity, and elevation over tidal cycles at different run-off conditions. Tidal harmonic constants, stratification and net salt flux were calculated to determine the dominant components of salt transport. This study would provide better understanding of physical process of the estuary, which is essential for future planning on ecological and environmental restoration and remediation in this region.
MATERIAL AND METHODS

Study site
The XQR is located in the southwestern corner of Laizhou Bay (LZB), which is the southern portion of Bohai Sea ( Figure 1 ). The length of the XQR is 240 km with the basin area of 11 000 km 2 . The river has 900 years of history since the artiflcial excavation made in the Southern Song Dynasty. The lower river reach of XQR starts from WangDao, the last sluice, is a strongtidal channel with anomalous semidiurnal tides. This section of XQR estuary is about 200 km 2 , with depth from 3． 5 to~6 m. The XQR watershed is highly industrialized and strongly influenced by human activity. Water quality and ecosystem health in the river are degraded by pollutants from industrial, agricultural, municipal and stormwater sources ( Ma et al., 2004; Zhuang and Gao, 2014) . XQR is the main pollution sources causing the ecological deterioration in LZB ( Cui et al., 2003; Jin et al., 2012; Luo et al., 2013 ) . Excessive organochlorine pesticides, Polychlorinated naphthalenes ( PCNs ) , Polybrominated diphenyl ethers ( PBDEs) , antibiotics and nutrient runoff from XQR watershed has caused serious harmful impact on the estuary ( Ji et al., 2007; Xia and Zhang, 2011; Zhang et al., 2012; Zhong et al., 2011) . 
Current and Salinity Measurements
Field measurements at M1 station ( 37． 295°N,119． 008°E) were carried out for 25 hours continual monitoring of XQR estuary ( Figure 1 ) . To reveal the temporal variation of hydrodynamic properties and net salt flux in XQR estuary, the measurement was conducted in April, July and September 2013 ( Table 1) , which is before, during and after East Asian Summer Monsoon, respectively. The stationed instrument packages consisted of a Conductivity, Temperature and Depth probe ( CTD ) and Acoustic Doppler Current Profile ( ADCP ) . Temperature, salinity and press were measured with a RBR XR-620 CTD ( in April and July) and SST CTD60 ( in September) with a sample frequency of 1Hz. The CTD was deployed to get vertical physical structure of the water column once an hour. In additional, we also deployed another RBR XR-420 CTD at the surface and the bottom in April and July. A Teledyne RDI's ADCP Workhorse Sentinel with 614． 4 KHz was used to measure current profile, including velocity magnitude and direction. The ADCP was set up at the side of a wooden fishing ship using a stainless steel frame and its transducers were maintained at 0． 2 m depth below the sea surface. The ADCP was programmed to 20 bins with 0． 25 m bin size and 120s ensemble interval, blanking range of 0． 9 m. River flow data were obtained from China Hydrology ( available at http: ∥ xxfb. hydroinfo. gov. cn / index. html ) . There was no precipitation during three surveys, and evaporation and wind was neglected. The time, tidal, river flow and salinity characteristics for the three surveys are summarized in Table 1 . Note: the river flow is referenced to the Shicun hydrologic station, located at downstream of XQR.
Stratification and stability
Stratification is a ubiquitous phenomenon in the mixing zone of an estuary suffering from saltwater intrusion. It can enhance gravity current, strengthen saltwater sailing upstream to some degree and play a fundamental role in the salt balance . Intensity of stratification is characterized by stratification index N = δS / S 0 , where S 0 is the vertically averaged salinity,and δS is the top-to-bottom salinity difference ( Hansen and Rattray, 1966; Haralambidou et al., 2010) . In case N < 0． 1, the water column is fully mixed, when 0． 1 < N < 1． 0 then partial mixing occurs, while N >1． 0 indicates stratification.
Similarly to stratification parameter N, the Froude number is the ratio of the flow speed to the speed of long gravity waves ( Armi and Farmer, 1986 ) . The internal densimetric Froude number Fr is calculated as, 
where V is longitudinal velocity. g′ is reduced gravity, Δρ is density difference between surface and bottom, and ρ is depthaveraged density of water column ( Stommel and Farmer, 1952) . Water column stability is examined using the gradient Richardson number Ri g ( Richardson, 1920) 
or bulk Richardson number
Ri L ( Dyer, 1982; Ellison and Turner, 1959) :
where ∂ρ / ∂z is the vertical density gradient, ∂V / ∂z is the vertical gradient of longitudinal velocity, and ■ V is the depth-averaged longitudinal velocity. In conditions such as ours, where the density gradients is not got precisely, the bulk Richardson number Ri L can be used ( Vaz et al., 2012) . Ri L = 20 is defined as the upper limit for the occurrence of turbulent mixing in partially mixed estuaries ( Dyer, 1982) .
Salt fluxes
Total salt flux within an estuarine system is typically determined using velocity and salinity measured at locations along a vertical section. In general, the longitudinal net salt fluxes ( F) per unit width perpendicular to the mean flow may be calculated as ( Bowden, 1963; Kjerfve, 1986; Dyer, 1997; Restrepo and Kjerfve, 2002 )
where h is water depth ( cm) , V( z) represents the observed longitudinal velocity ( cm / s) , S( z) represents the observed salinity ( PSU) and z is the vertical coordinate.
In the case of tidal flow,following the procedure similar to the previous studies ( Ali et al., 2010; Bowden, 1963; Hunkins, 1981; Uncles and Lewis, 2001) , the instantaneous velocity and salinity can be decomposed into term that represent the physical process responsible for the advective and dispersive mass transport. For a lateral homogeneous estuarine channel velocity ( V) and salinity ( S) are decomposed as:
where ■ V and ■ S are depth-averaged velocity and salinity, and V′ and S′ are deviations from ■ V and ■ S. The depth-averaged means are decomposed into time-averaged and a time varying components. Eq. (4) can be written as
where angle brackets are net, or time-averaged over at least one complete tidal cycle. The local water depth h varies with the tidal elevation and can be decomposed into the time-averaged water depth and the tidal height ( Vaz et al., 2012) :
Substituting Eq. (5) and Eq. (6) into Eq. (3) , the net longitudinal salt flux for one or more complete tidal cycles can be expressed as
for simplicity, it can be written as Net Flux = Flux 1 + Flux 2 + Flux 3 + Flux 4 + Flux 5 (8) Each decomposed flux represents the related physical process ( Bowden, 1963; Kjerfve, 1986; Restrepo and Kjerfve, 2002) 
are dispersive in nature. Flux 2 is the tidal sloshing effect caused by the triple correlation between tidal depth change, tidal current and tidal salinity change, and is usually the dominant dispersive flux. Flux 3 is the cross-correlation between tide and salinity. Flux 4 is the Stokes' drift dispersion. Flux 5 is the shear flux due to gravitational circulation. For well-mix estuary system, the gravitational circulation is usually negligible and Flux 5 is considered insignificant ( Ali et al., 2010; Kjerfve, 1986) , while the Flux 5 is significant in the estuaries with vertical stratification ( Bowden, 1963; Restrepo and Kjerfve, 2002) .
RESULT AND DISCUSSION
Tidal, salinity and currents variation
The time series of tidal elevation, salinity and longitudinal velocity in three surveys were shown in Figure 2 . Tidal elevations showed that there were two flood tides and ebb tides during each survey. The tidal elevation between the adjoining flood tides was significantly different, suggesting tidal asymmetry in XQR estuary. Using the tidal quasi-harmonic method for short term data ( Parker, 2007) , the harmonic coefficients of tidal constituents M 2 , S 2 , O 1 , K 1 , M 4 , and MS 4 were calculated and given in Table 2 . A difference-ratio at Reference Station ( Weifang Port) was used. The results showed that M 2 , S 2 , K 1 and O 1 were the dominant constituents. Calculated tidal form numbers, the ratio of the main diurnal and semidiurnal component amplitudes, ( K 1 + O 1 ) / ( M 2 + S 2 ) ( Defant, 1960) , were 0． 5, 0． 7 and 0． 6, respectively, which showed that the tide were irregular semidiurnal. There were considerable seasonal variations in tidal ranges, which were 2． 3 m, 1． 8 m and 1． 9 m in April, July and September, respectively. The smallest tidal range was in July due to the neap tide and high river discharge (180 m 3 / s) . The time series of depth-averaged longitudinal velocity had similar pattern as that of water level in each survey ( Figure 2 ) with 3h time lag, indicative of a standing wave tidal regime. The longitudinal velocity varied from -70． 8 cm / s to 74． 4 cm / s in April, from -41． 9 cm / s to 96． 5 cm / s in July and from -81． 3 cm / s to 63． 4 cm / s in September. The depth-averaged longitudinal velocity indicated a strong asymmetry in intra tidal and seasonal timescale. Due to high freshwater discharge in July, the maximum ebb current was bigger than the maximum flood current, with an Eulerian residual velocity up to 37． 3 cm / s. In April and September surveys, the velocity asymmetry was mainly reflected in the difference between two flood / ebb currents. Figure 2 . Tidal elevation,depth-averaged longitudinal velocity and salinity at surface and bottom variation in three surveys
The profiles of tide-averaged longitudinal velocity ( Figure 3 ) showed similar trend. The velocities were positive at the surface ( seaward flow) and negative at the bottom ( landward flow) . The residual velocities varied from 15． 2 cm / s at surface to -32． 1 cm / s at bottom in April and from 19． 2 cm / s at surface to -28． 7 cm / s at bottom in September. Under the high river discharge conditions ( in July) , the residual velocities were positive ( seaward) from surface (52． 0 cm / s) to bottom (5． 1 cm / s) , reflecting that the river discharge dominated the advective flow from surface to bottom. The circulation parameter calculated as net surface velocity (V s ) divided by depth-averaged velocity ( V f ) ( Hansen and Rattray, 1966 ) was 2． 8, 1． 3 and 3． 3 in April, July and September, respectively, indicating that gravitational circulation was weak in July and slightly more pronounced in April and September. The profiles of tide-averaged longitudinal velocity also indicated that the shear existed in three surveys. The salinity ranges ( Table 1 and Figure 2 ) showed strong seasonal variation, with 12． 5 PSU, 2． 47 PSU and 10． 73 PSU in April, July and September, respectively. The low salinity range in July resulted from heavy rainfall brought by East Asian Summer Monsoon. The salinity variations both at surface and bottom were consistent, with higher range colse to the bottom. The temporal variation of salinity followed the one of tidal elevation under low river discharge condition, with the maximum salinity occurring close to high water level and average values being greater in April. In addition, the difference ( δS) between surface and bottom water was higher in spring tide than in neap tide, and higher in flood tide than in ebb tide. And the difference also offered a clear evidence of gravitational circulation.
Stratification and stability
The stratification index N was found to be below 0． 4 in all three surveys except during last 4 hours in September ( 0． 4 -0． 8) . It suggested that XQR estuary was partial mixing system. During the high discharge condition in July, the XQR estuary was well mixing system with the stratification index N below 0． 1, indicating that the high river runoff resulting in the weak stratification and well mixing in XQR estuary. The variation of Nvalues ( Figure 4 ) was consistent with the tidal level in April and September, with minimum stratification value at the end of ebb tidal phase and maximum at the end of flood tidal phase. As instantaneous salinity stratification was dependent on interfacial shear, the relative lower flood shear stresses ( compared to the corresponding ebb shear) explain the stratification variability during tidal phase ( Haralambidou et al., 2010 ) . These were evidence of tidal straining occurring through each tidal cycle. In July, the velocity of freshwater flow was about 50cm / s, showing that the freshwater runoff dominated the current profile and resulted in lower shear stress with less than 0． 1 N value. All above reflected the dominance of freshwater runoff in July and tide in spring and autumn. Wind contributed to some extent in the third survey to enhance the stratification. The Froude number Fr was always lower, ranging from 0． 2 to 0． 3. Calculated layer Richardson number Ri L ( Figure 5 ) was less than 2 except during flood tide, indicating that mixing was fully developed. The relatively strong stratification ( Ri L > 20 ) at flood tide can be explained by the reduction in current flow ( slack tide) and increase in salinity gradient.
According to the classical stratification-circulation diagram classification ( Hansen and Rattray, 1966) on the assumption of laterally homogeneous condition, the XQR estuary was classified as Type 2b, Type 1b and Type 2b in April, July and September, respectively ( Figure 5 ) . Type 1b characteristic of net seaward flow at all depths and appreciable stratification, and Type 2b characteristic of net flow reversing at depth and both advection and diffusion contributing import to the upstream salt flux, also were evidenced by Figure 3 and Figure 5 . This indicated that the tidal diffusion was the main process for the landward salt transport in April and September, meanwhile, the advection was the main process for seaward in July. 
Salt fluxes and processes
Salt fluxes calculated based on Eq. 5 were summarized in Figure 7 for the three surveys. Overall, there was a net seaward flux in July and a net landward flux in April and September. In July,Flux 1 ( net advective salt flux) dominated the salt flux with a value of 521． 4 PSU cm / s, contributing 78． 9% of total flux and 93． 6% of seaward flux. The other four fluxes were relatively small with the highest being Flux 4 ( Stokes' drift flux) of 82． 6 PSU cm / s. In April and September, the net salt flux was directed landward with net fluxes of -181． 1 and -84． 9 PSU cm / s, respectively. Due to lower freshwater discharge, Flux 1 contributed only 22． 3% and 33． 6% of total flux in April and September respectively. In both surveys, Flux 4 was the predominant flux with values of 152． 0 and 133． 1 PSU cm / s. Flux 4, representing the Stokes' drift dispersion, was directed landward and provided the biggest landward salt flux. In addition, Flux 2, representing the tidal sloshing effect, also contributed a substantial fraction of landward flux with values of 97． 3 and 74． 5 PSU cm / s, respectively. Overall, stokes' drift and tidal dispersion were dominate components in total upstream salt transport, and contribute 72% and 57． 5% to total salt flux in April and September. The rest two fluxes, Flux 3 and Flux 5, were relatively small in comparison with Fluxes 1, 2, and 4. Flux 3 ( cross-correlation flux) contributed less than 2% and directed seaward for all three surveys. Flux 5 ( shear flux) contributed less than 5% of net salt flux and directed landward.
The results showed that there were pronounced differences in total salt transport among three surveys. In monsoon, the total salt flux was directed downstream ( seaward) , contrary to upstream transport ( landward) in pre and post monsoon. During monsoon, which account for about 80% of annual precipitation ( Gao et al., 2008; Tsur, 2004 ) , the freshwater discharge could be up to about 180 m 3 / s, with residual velocity of 37． 3 cm / s. Due to high runoff, freshwater discharge dominated the flow of the whole water column with the tide-averaged current directing seaward. It was consistent with observed high water level and low salinity in Figure 2 and classification of 1b in stratification-circulation diagram, indicating that Flux 1 fully dominated net salt flux. This process was also by far the most significant advective component of the seaward salt flux in XQR estuary through the whole year, and contributed 22． 3% and 33． 6% of total salt flux in April and September, respectively. In pre and post monsoon with low runoff, freshwater discharge dominated the seaward salt flux, but was not the principal component of the net salt flux. Instead, Stokes' drift and tidal sloshing dispersion dominated net salt flux and caused the net salt flux seaward. The balance between fluvial discharge, Stokes' drift and tidal sloshing dispersion controlled landward and seaward salt transport, and determined the direction and magnitude of net salt flux, similar to previous studies in other estuaries ( Cavalcante et al., 2013; Restrepo and Kjerfve, 2002; Siegle et al., 2009) .
Stokes' drift dispersion was the biggest landward salt flux and dominated the net salt flux during non-monsoon. The Stokes' drift directed landward except in July. The importance of Stokes drift within XQR estuary system can be explained by the stronger and longer flood currents. Meanwhile, Stokes' drift was higher in spring tide than that in neap tide, which may be explained by stronger currents in spring tide but further evidence will be needed. Tidal sloshing was usually the major landward flux component in well-mixed systems ( Kjerfve, 1986) . Its value was often controlled by stratification. Thus the overall Flux 2 was largely a function of tidal sloshing, coinciding with the V T , S T 0 0 1 Seasonal Hydrodynamics and Salt Exchange of a Shallow Estuary in Northern China ( Eq. 3 ) function of tidal cycle. Stratification and stability analysis in Figure 4 , 5, 6 showed that the XQR estuary was partially to fully mixed estuary with stratification existed only in flood tide. In three surveys, the tidal dispersion flux was landward. Higher value in April coincided with higher stratification. Similarly to Stokes' drift, there was no direct relation with springneap tide variations, although stratification could partially explain the high dispersion flux in April. Overall, Flux 1, which directed seaward and controlled by freshwater discharge, was the most significant component in monsoon, and controlled the seasonal variation of net salt flux. Flux 2 and Flux 4 were the major component in non-monsoon seasons, during which the landward salt transport as a result of tides was the dominant process within XQR estuary. In addition, Flux 1 was also an important component along with tidal dispersion and Stokes' drift to dominate net salt transport and salt intrusions in April and September. In comparison, Flux 3 and Flux 5 were insignificant in all three events.
In the absence of meteorological data, this study fail to give information about meteorological effect on salt transport, especially the contribution of wind. And the measurement campaigns were too short to give the direct relations between salt fluxes and spring-neap tidal variation. It should be noted that the seaward salt flux might be underestimated due to the absence of velocity data at surface layer where the tide-averaged current is directed seaward ( Figure 3) .
Although there is some uncertainties, all results reveal an imbalance in the net salt budget and the variation of salt exchange in XQR estuary in pre-monsoon, monsoon and post-monsoon season in 2013. This imbalance may be mainly due to a strong variation of river discharge. In general, salinity is considered to be natural tracer, and the salt transport and exchange could be linked to the transport mechanisms of contaminated water in the estuary system. The mechanism of salt transport and exchange could help to explain the capacity to flush pollutant. Furthermore, as we know, the lower river reach of XQR starts form WangDao, which is the last sluice ( Figure 1 ) . Because the flux 1 was the most significant component in monsoon, and controlled the seasonal variation of net salt flux, it is possibility to change net salt flux by regulating freshwater discharge flux at WangDao. Therefore, this study could provide the scientific foundation for effective management of freshwater release.
CONCLUSIONS
Current profile characteristic and salt balance of Xiaoqinghe River estuary were characterized using 25 hours CTD and ADCP observations in April, July and September of 2013. Results showed that the XQR estuary had irregular semidiurnal tide with tidal form number of 0． 5-0． 7 and tidal range about 2 m. The river discharge dominated the seasonal variation of tidal elevation, longitudinal velocity and salinity. The stratification index, Froude number and Richardson number also indicated that the river mouth was well mixed. The XQR estuary can be classified as Type 1b and 2b according to stratification-circulation diagram.
XQR estuary was characterized by seasonal variation in net salt transport. The net salt flux was a balance between advective freshwater discharge, Stokes' drift, and tidal sloshing dispersion, and was directed seaward during monsoon season and landward in non-monsoon seasons. The predominant seaward transport of salt was dominated by river discharge throughout the year, with Stokes' drift also presenting a net seaward flux in monsoon. Fluvial advective flow contributed 78． 9% of total salt flux in monsoon and contributed 22． 3% in April and 33． 6% in September. Stokes' drift and tidal sloshing dispersion flux dominated the landward salt flux, and contributed 72% and 57． 5% of total salt flux in April and September, respectively. The other two components, i. e., Flux 3 and Flux 5, were only of marginal importance. Tidal sloshing and Stokes' drift was the underlying process of salt transport while river discharge dominated its seasonal variation, and direction reverse of Stokes' drift ( seaward during monsoon and landward during non-monsoon seasons ) . This study provided the scientific foundation for effective management of freshwater release from upstream during difference seasons, and revealed the inherent unsteadiness of the salt balance over the XQR estuary, which warrants further experimental and modelling studies to quantify the transport processes in a variety of seasonal and spring-neap cycles.
